If the standard electroweak gauge model is embedded in a larger theory which is supersymmetric and the latter breaks down to the former at some mass scale, then the reduced Higgs potential at the electroweak mass scale may differ from that of the wellknown minimal supersymmetric extension. Specifically, if the larger theory is based on SU(2) L × SU(2) R × U(1), an interesting alternative exists for two Higgs doublets.
The most studied extension of the standard SU(2) × U(1) electroweak gauge model is that of supersymmetry with the smallest necessary particle content. [1] In this minimal supersymmetric standard model (MSSM), there are two scalar doublets Φ 1 = (φ 
where g 1 and g 2 are the U(1) and SU (2) gauge couplings of the standard model respectively.
Hence there are only two unknown parameters in this sector and they are usually taken to be tan β ≡ v 2 /v 1 , the ratio of the two scalar vacuum expectation values, and m A , the mass of its one physical pseudoscalar particle. Numerous phenomenological studies [2] have been made in its name.
It is generally believed that given the gauge group SU(2) × U(1) and the requirement of supersymmetry, the quartic scalar couplings of Eq. (1) must necessarily be given by Eq. (2). This is actually not the case because the SU(2) × U(1) gauge symmetry may be a remnant [3] of a larger symmetry which is broken at a higher mass scale together with the supersymmetry. The structure of the Higgs potential is then determined by the scalar particle content needed to precipitate the proper spontaneous symmetry breaking and to render massive the assumed fermionic content of the larger theory. Furthermore, the quartic scalar couplings are related to the gauge couplings of the larger theory as well as other couplings appearing in its superpotential. At the electroweak energy scale, the reduced Higgs potential may contain only two scalar doublets, but their quartic couplings may not be those of the MSSM. In particular, we consider in the following a left-right supersymmetric model based on E 6 particle content proposed some years ago [4] and show that its reduced Higgs potential V for two scalar doublets is given by
where f is a coupling in the superpotential of the larger theory and has no analog in the MSSM. In the limit f = 0, it is easily seen from the above that the MSSM conditions, i.e.
Eq. (2), are recovered as expected. The general requirement that V be bounded from below puts an upper bound on f 2 , namely
The saturation of this upper bound turns out to imply that the left-right symmetry of the larger theory is not broken by the soft terms of the Higgs potential which break the supersymmetry. [4] In that case,
The lesson we learn here is that even if supersymmetry exists and there are only two scalar doublets at the electroweak energy scale, the corresponding Higgs potential is not necessarily that of the MSSM.
We now describe our model. The gauge group is SU(2) L × SU(2) R × U(1) but with an unconventional assignment of fermions. [4] An exotic quark h of electric charge −1/3 is added so that (u, d) L transforms as (2,1,1/6), (u, h) R as (1,2,1/6), whereas both d R and h L are singlets (1, 1, −1/3). There are two scalar doublets Φ 1,2 and a bidoublet
transforming as (2,1,1/2), (1,2,1/2), and (2,2,0) respectively. The Yukawa interactions are such [4] that m h comes from φ 
where G 1 is the U(1) gauge coupling and G 2 is the coupling of both SU(2) L and SU(2) R ,
Now the superpotential of this model also contains a cubic term linking the three superfields corresponding to Φ 1,2 and η as already discussed by Babu et al. [4] Its contribution to the Higgs potential is given by
To break the gauge symmetry spontaneously, we add soft terms which also break the supersymmetry:
The sum is then
Note that V is invariant also under a global U(1) transformation related to lepton number as a consequence of the theory's E 6 superstring antecedent and it remains unbroken after spontaneous breaking of the gauge symmetry. [4] Consider now the breaking of SU (2) (1), but with the following constraints:
and
where the second terms on the right-hand sides of the equations for λ 1,2,3 come from the cubic interactions of √ 2Reφ 0 2 . Assuming that v 2 is not many orders of magnitude greater than v 1 and u 1 , then the running of the couplings is not a significant factor and we have
and we obtain Eqs. (3) to (6).
, then the new coupling f can in principle take on any value in the range
As pointed out earlier, the f = 0 limit corresponds to the MSSM as it must. The upper limit, on the other hand, corresponds to that of left-right symmetry, i.e. m 
Now because there are nonnegligible radiative corrections [5] due to a large value of m t , λ 2 has a significant additional contribution given by g 
In the above,m is an effective mass for the two scalar supersymmetric partners of the t quark. The 2 × 2 mass-squared matrix spanning √ 2Reφ 
where
sin β cos β .
This implies
as well as 
